Objective: To define the prevalence, indications, and temporal trends in obstetric-related ICU admissions. Design: Descriptive analysis of utilization patterns. Setting: All hospitals within the state of Maryland. Patients: All antepartum, delivery, and postpartum patients who were hospitalized between 1999 and 2008. Interventions: None. Measurements and Main Results: We identified 2,927 ICU admissions from 765,598 admissions for antepartum, delivery, or postpartum conditions using appropriate International Classification of Diseases, 9th Revision, Clinical Modification codes. The overall rate of ICU utilization was 419.1 per 100,000 deliveries, with rates of 162.5, 202.6, and 54.0 per 100,000 deliveries for the antepartum, delivery, and postpartum periods, respectively. The leading diagnoses associated with ICU admission were pregnancy-related hypertensive disease (present in 29.9% of admis-sions), hemorrhage (18.8%), cardiomyopathy or other cardiac disease (18.3%), genitourinary infection (11.5%), complications from ectopic pregnancies and abortions (10.3%), nongenitourinary infection (10.1%), sepsis (7.1%), cerebrovascular disease (5.8%), and pulmonary embolism (3.7%). We assessed for changes in the most common diagnoses in the ICU population over time and found rising rates of sepsis (10.1 per 100,000 deliveries to 16.6 per 100,000 deliveries, p = 0.003) and trauma (9.2 per 100,000 deliveries to 13.6 per 100,000 deliveries, p = 0.026) with decreasing rates of anesthetic complications (11.3 per 100,000 to 4.7 per 100,000, p = 0.006). The overall frequency of obstetric-related ICU admission and the rates for other indications remained relatively stable. Conclusions: Between 1999 and 2008, 419.1 per 100,000 deliveries in Maryland were complicated by ICU admission. Hospitals providing obstetric services should plan for appropriate critical care management and/or transfer of women with severe morbidities during pregnancy. (Crit Care Med 2013; 41:1844-1852 
T he United States has among the highest prevalence of maternal mortality in the developed world, and this prevalence has increased within recent years (1) . Maternal mortality exists on a continuum, ranging from little to no morbidity, to severe morbidity, to "near-miss" events, and ultimately to maternal death (2) . Understanding the epidemiology of severe obstetric morbidity and "near-miss events" may help target interventions aimed at improving the full range of maternal outcomes.
Analyzing ICU utilization during pregnancy is an accepted approach for identifying severe and near-miss maternal morbidity (3) , but there are few relevant U.S. studies (4) (5) (6) (7) (8) ; for those that have been conducted, most are single institution (4, 5, 7) and the one investigation that is population-based contains only delivery-related admissions through 1997 (6) . Given the paucity of data and the significant changes in obstetric practice, including an increase in Cesarean deliveries (9) , women of advanced maternal age (10) , pregnancies Epidemiology of Obstetric-Related ICU Admissions in Maryland: 1999-2008* resulting from assisted reproduction (11) , and pregnancies complicated by chronic medical conditions (12) (13) (14) , we sought to define the contemporary epidemiology of ICU utilization in the pregnant population. To do so, we analyzed the data from the Maryland State Inpatient Database (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (15) , which contains information on all inpatient hospitalizations and specifically provides data on ICU utilization.
MATERIALS AND METHODS

Study Data Source
Data were derived from the Maryland State Inpatient Database, which was collected as part of the Healthcare Cost and Utilization Project (HCUP) of the Agency for Healthcare Research and Quality (15) . The database contains information on all inpatient hospitalizations in Maryland, including patients' age, gender, race, length of stay (LOS), number of days spent in the ICU, primary payer type, and up to 15 diagnoses and procedures coded using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) (15) . As these data are de-identified, this study was exempt from review by the institution review board.
Study Population
We identified all antepartum, delivery, and postpartum admissions from 1999 to 2008, using appropriate ICD-9-CM codes. Admissions were categorized hierarchically using ICD-9-CM codes as delivery admissions (ICD-9-CM codes 72-75, V27, or 650-659), antepartum admissions (ICD-9-CM codes 630-648 without a delivery code), or postpartum admissions (ICD-9-CM codes 660-677 without a delivery code), as has been previously described (16) . Maternal admissions for stillbirth were identified using delivery codes (ICD-9-CM codes V27.1, V27.3, V27.4, V27.6, V27.7, and 656.4). Using the admission source and discharge disposition variables, we identified the percentage of antepartum admissions that were discharged to another healthcare facility and the percentage of postpartum admissions admitted from another healthcare facility, as these admissions may represent intrapartum transfers.
Patient Comorbidities and Complications
ICU utilization was defined as a nonzero length of ICU stay recorded in the discharge record. Diagnoses and morbidities associated with ICU admission were identified using ICD-9-CM codes (Appendix 1). Changes in ICD-9-CM codes for the time period of interest as documented by the National Center for Health Statistics were reviewed (17) . Coding changes were identified and incorporated into our diagnoses' definitions. A new code was defined for peripartum cardiomyopathy (674.5) in 2003, which resulted in the exclusion of heart failure from our trend analysis. Patient demographic variables were obtained directly from the dataset as previously described. Average yearly hospital delivery volume was determined by identifying the number of delivery admissions associated with each unique hospital identifier over the time period studied and then dividing this by the number of years in the study period. All nonobstetric ICU admissions for female patients 15 to 44  years old were identified in the Maryland State Inpatient database from 1999 to 2008, based on ICU utilization during a  hospitalization and the absence of diagnostic codes indicating antepartum, delivery, or postpartum conditions. We calculated the rate of ICU admissions per 100,000 at-risk person-years by first obtaining age-stratified population data for women 15 to 44 years old living in Maryland as recorded by the 2000 Census (18) , which were multiplied by the number of years in our study period. Nonobstetric ICU admissions were stratified in the same manner as the 2000 Census data. The rate of ICU admission per 100,000 at-risk person-years was obtained for each age group by dividing the number of ICU admissions in that age group by the number of 100,000 at-risk person-years for that age group. We additionally calculated the overall rate of ICU admission per 100,000 at-risk person-years by dividing the total number of nonobstetric ICU admissions for women 15 to 44 years old by the sum of the age-stratified at-risk person-years.
Nonobstetric Admissions
Statistical Analysis
The distribution of demographic characteristics and obstetric/medical conditions and sources of organ dysfunction were compared between obstetric intensive care admissions and obstetric admissions without ICU admission. Similarly, the distributions of maternal conditions associated with ICU admissions were compared based on the timing of intensive care admission. The proportion of ICU admissions for each cause during the antepartum and postpartum periods was compared with that of the delivery admission. For obstetric admissions, the leading causes of maternal mortality were compared between those with and those without ICU admission. All these comparisons were performed using chi-square analyses. The overall prevalence of ICU utilization was determined by dividing the number of admissions during the study period by the number of deliveries, and prevalences for antepartum, delivery, and postpartum utilization were calculated in the same manner. A rate of ICU utilization per pregnancy was computed by dividing the total number of ICU admissions by the number of deliveries during the study period.
For comparison with the age-matched nonobstetric population, the prevalence of ICU admissions per 100,000 at-risk person-years was calculated for the antepartum, delivery, and postpartum periods, by using the following estimation procedures. We identified the overall number of deliveries and stillbirths as described above. Gestational age at delivery was imputed as previously described (19) ; in brief, stillbirths were presumed to occur at 28 weeks, whereas the remaining births were assumed to occur at 38 weeks. The delivery-related at-risk period was defined to last 1 week, and the postpartum period was defined as 6 weeks following delivery. At-risk person-years for the antepartum period were computed by subtracting stillbirths from the number of deliveries and multiplying by 38/52 years and then adding to that figure the number of stillbirths multiplied by 28/52 years. Postpartum at-risk personyears were calculated by multiplying the number of deliveries www.ccmjournal.org August 2013 • Volume 41 • Number 8 by 6/52 years. Delivery at-risk person-years were determined by multiplying the number of deliveries by 1/52 years. These at-risk person-year periods were additionally stratified by maternal age and compared with at-risk person-year periods in nonpregnant women in the same age stratification.
Finally, trend analysis was performed for each of the maternal conditions associated with ICU admission by comparing cause-specific rates of ICU admissions from 1999-2003 to 2004-2008. This approach was taken given the small number of outcomes for some conditions that precluded examination using smaller time intervals. Trend analysis was not performed for cardiomyopathy or other cardiac diseases due to the ICD-9-CM code changes noted above.
Statistics were performed using SSPS software (SSPS, Version 17.0, Chicago, IL).
RESULTS
Within the 10-year study period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , 765,598 obstetric admissions and 698,379 deliveries were identified. Of those obstetric admissions, 2,927 used the ICU; 1,415 of the ICU admissions occurred during the hospitalization for delivery, including 109 hospitalizations for stillbirth (7.7%). The median ICU LOS was 2 days (range, 1-94 d). As shown in Table 1 , compared with the general obstetric population, those admitted to the ICU had a higher proportion of extremes of maternal age, were more likely to be black, and/or were covered by Medicaid insurance. Also, a larger fraction of these patients were admitted either from the emergency department or by transfer from another healthcare facility. In addition, most of them were treated at small delivery volume hospitals.
Prevalence of Intensive Care Utilization
The overall rate of ICU utilization was 419.1 per 100,000 deliveries, with rates of 162.5, 202.6, and 54.0 per 100,000 deliveries for the antepartum, delivery, and postpartum periods, respectively. The prevalence of ICU utilization in at-risk person-years was 222.9, 10,535.8, and 467.9 per 100,000 person-years for the antepartum, delivery, and postpartum periods, respectively. During the same study period, 57,055 nonobstetric ICU admissions were identified for females 15 to 44 years old, resulting in a prevalence of ICU admissions of 497.4 of 100,000 persons per year. Figure 1 shows the prevalence of nonobstetric, antepartum, delivery, and postpartum ICU admissions by patient age group. Obstetric patients older than 35 years old and younger than 20 years old had higher rates of delivery ICU utilization compared with those 20 to 24 years old and 25 to 34 years old. The highest rate of nonobstetric and postpartum ICU utilization occurred in patients older than 35 years old, whereas the highest rate of antepartum ICU utilization was found in those younger than 20 years old. Assuming that each patient has no more than one ICU admission per pregnancy, we derived a rate of one ICU admission per 238 pregnancies. There were 167 antepartum patients (15%) who were discharged to another healthcare facility and 108 postpartum patients (29%) who were admitted from another healthcare facility.
Diagnoses Associated With ICU Admission
We identified the most common diagnoses associated with admission to the ICU ( Table 2) ; these diagnoses were not defined in an exclusive fashion, such that one patient can be represented in multiple diagnosis groups: by order of decreasing frequency among the obstetric ICU admissions, these were obstetric-related hypertensive disease (present in 29.9% of admissions), hemorrhage (18.8%), cardiomyopathy or other cardiac disease (18.3%), genitourinary infection (11.4%), complications from ectopic pregnancies and abortions (10.3%), nongenitourinary infection (10.1%), sepsis (7.1%), cerebrovascular disease (5.8%), and pulmonary embolism (3.7%). The most frequent organ dysfunction associated with ICU admission was respiratory failure (24.6%).
Adverse Outcomes by ICU Admission Category
Respiratory failure, liver failure, and coagulopathy were the most common end-organ injuries among obstetric patients who received intensive care. With the exception of liver failure (1.1%), all other complications were exceedingly rare in the population of obstetric patients who did not receive intensive care. There were 53 deaths in the obstetric ICU admissions (1.8% mortality) and 75 deaths in the non-ICU obstetric admission population (0.01% mortality). The leading maternal conditions associated with maternal mortality were cardiomyopathy or other cardiac disease, hypertensive disorders of pregnancy, hemorrhage, and cerebrovascular disease ( Table 3) .
Diagnoses by Admission Category
We classified each obstetric admission as antepartum, delivery, or postpartum as previously described and determined the prevalence of diagnoses by admission category ( Table 4 ). ICU admissions related to abortions and ectopic pregnancies were considered separately and accounted for 300 admissions (10.3% of all ICU admissions among pregnant or postpartum women). The most common three diagnoses associated with antepartum ICU admission were obstetric-related hypertensive disease (22.6%), trauma (16.9%), and cardiomyopathy or other cardiac disease (13.0%). For delivery-related ICU admissions, the most common diagnoses were obstetric-related hypertensive disease (38.0%), hemorrhage (33.2%), and cardiomyopathy or other cardiac disease (17.5%). In contrast, the top three diagnoses associated with postpartum ICU admission were cardiomyopathy or other cardiac disease (37.4%), obstetric-related hypertensive disease (21.2%), and cerebrovascular disease (20.2%).
Temporal Trends
No temporal trend was identified for the overall rate of obstetric ICU admissions ( Table 5) . However, increasing rates were identified for sepsis (10.1 per 100,000 deliveries to 16.6 per 100,000 deliveries, p = 0.003) and trauma (9.2 per 100,000 deliveries to 13.6 per 100,000 deliveries, p = 0.026). Decreasing rates of anesthetic complications were noted (11.3 per 100,000 to 4.7 per 100,000, p = 0.006). Rates were stable for the remaining diagnoses.
DISCUSSION
Using the Maryland State Inpatient Database to study obstetric-related ICU admissions, we determined that approximately 0.4% of pregnancies is complicated by a maternal ICU admission. Hypertensive disorders of pregnancy, hemorrhage, cardiomyopathy, or other cardiac disease were the most frequent diagnoses associated with maternal ICU admission. Although overall rates of ICU admission remained stable throughout the study period (1994-2008), we observed increasing rates of ICU admission for sepsis and trauma and decreasing rates of intensive care to manage anesthesia complications. ICU utilization most commonly occurred during delivery admission (48.3%), followed by antepartum (38.8%) and postpartum (12.9%) periods.
The overall frequency of ICU utilization that we report (419 per 100,000 deliveries) is greater than the international median rate of 270 ICU admissions per 100,000 deliveries (range, 70-1,350 per 100,000 deliveries) and at the top of the previously reported range in U.S. studies, most of which were single center (range, 250-470 per 100,000 deliveries) (4, 5, 7, 20) . Approximately half of the admissions (51.7%) took place during antepartum and postpartum hospitalizations and may have been missed in previous population-based studies of ICU admissions in pregnancy that focused on only delivery hospitalizations (6, 21) . Availability of ICU beds may also impact admission thresholds. There are 20 adult ICU beds per 100,000 persons available in the United States on average; this availability is at the top of the international range of 3.3-24.0 beds per 100,000 persons (22) . Maryland had 893 ICU beds in 2005 (23) or approximately 16.0 beds per 100,000 persons. The increase in ICU utilization that we noted in the low delivery volume hospitals as compared with the higher volume centers suggests that ICU admission thresholds may vary by facility size, with either a decreased intensity of care available in low volume labor and delivery units or a more cautious approach to obstetric care of women with serious comorbid conditions. Our observed mortality rate of 1.8% for maternal ICU admissions is below the developed world median of 3.4% (range, 0-18.4%) and the developing world median of 14.0% (range, 0-40%) (20) , suggesting that the threshold for ICU admission in Maryland may be lower than elsewhere. However, the majority of maternal mortalities (58.6%) occurred without an ICU admission. This raises the possibility that many maternal deaths are too acute to permit ICU transfer or that ICUs may be underutilized in this population. Support for this possibility comes from a recent study of peripartum cardiomyopathy in North Carolina, where of the seven patients who died, only one patient survived to hospital admission (24) . The large size of our study sample facilitated the identification of the most common conditions for all obstetric ICU admissions in the antepartum, delivery, and postpartum periods.
These included pregnancy-related hypertensive disorders, hemorrhage, and cardiomy opathy or other cardiac disease. These conditions are the same as those identified as the leading cause of maternal mortality in this study and in a recent national study covering the entire United States (25) , thus reinforcing the notion that studying patterns of severe maternal morbidity provides important insight into both morbid and mortality events. The most frequent organ dysfunction associated with obstetric ICU admission was respiratory failure, potentially as a common outcome for critically ill patients who have suffered cardiovascular collapse or aggressive fluid resuscitation. This information can then provide impetus for targeted systems-based improvements at an institutional, local, and national level.
Although our study found a higher rate of ICU utilization during the delivery hospitalization when compared with Maryland's previously reported rate of 124.4 per 100,000 deliveries for the period of 1984-1997 based on delivery admissions only (6), we did not observe an increase in the overall frequency of ICU utilization during the period of the current analysis (1999-2003 and 2004-2008) . This finding contrasts with a previous study (21) based on delivery admissions recorded in the Nationwide Inpatient Sample that used discharge diagnoses without ICU status to document a substantial rise in the rate of maternal morbidity. Possible explanations for this discrepancy include a changing threshold for ICU admissions over the study period, changes in coding practices, and the possibility that trends in maternal morbidity in Maryland do not correlate with national trends.
We did, however, observe substantial increases in obstetric ICU utilization for specific indications: sepsis and trauma. The increasing rate of sepsis in obstetric patients reflects national and international trends. In the United Kingdom during an overlapping period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , there has also been an increase in maternal mortality due to genital tract sepsis, specifically from community-acquired group A streptococcal infection (26) . Within the general hospital population (27) , and those who have undergone elective surgery (28) , rates of sepsis in the United States have doubled in recent years. As the cause of this deadly trend remains unclear, this should be a priority for future obstetric research. Trauma was also an important and increasing source of maternal ICU admission during our study period. Notably, Maryland has a higher prevalence of assault compared with the national average (29) . Other sources of trauma in obstetric patients typically include motor vehicle accidents, during which pregnant patients are at increased risk for adverse outcomes (30) , and partner violence (31) . The prevalence of trauma as an increasing source of maternal ICU admission provides fertile ground for public health prevention efforts.
Our data revealed a temporal trend of decreasing rates of obstetric ICU utilization for complications from anesthesia consistent with a recent analysis of data from the Nationwide Inpatient Sample (21) . This finding may be attributable to the increased use of neuraxial anesthesia and the corresponding decreased use of general anesthesia and/or improved airway management in this population. Our study is limited by the availability of relevant data; Maryland and Rhode Island are the only states that specifically report ICU utilization, thereby allowing identification of patients with sufficient disease burden to require a higher level of care. A limitation of using state-specific data is that the sample may not be fully representative of the population nationwide. Compared with the United States in 2004, Maryland had an increased population of mothers greater than 35 years old (19.0% vs 14.2%), a larger percentage of black mothers (34.5% vs 15.0%), and more premature births (13.3% vs 12.4%) (32); these differences may or may not be representative of the overall obstetric population.
Also, diagnoses associated with ICU admission were determined by ICD-9-CM codes, which are assigned at discharge by medical coding specialists and are not subject to strict definitions. Additionally, the ICD-9-CM classification definitions have been modified over the period of the study. Although diagnosis classification methodology for the purpose of this study has been defined to account for these changes, it was not possible to adapt all conditions, such as heart failure, to include trend analysis. Another limitation of this database is the absence of strict criteria for ICU admission. Labor and delivery units may vary in their threshold for patient acuity before a transfer to an ICU is arranged. Additionally, the HCUP data use agreement prohibits, reporting details derived from 10 or fewer admissions due to privacy concerns, which then prevents detailed analysis of rare events. As the HCUP data do not identify patients uniquely across hospital admissions, it was not possible to determine the timing between delivery admissions and postpartum admissions or between antepartum admission and delivery admissions. This prevented further analysis of the timing of postpartum admissions. We excluded obesity as a factor in our evaluation due to lack of consistent coding. Finally, gestational age was not a reported element of the admission data, and thus, we were unable to analyze the impact of gestational age on ICU admission.
CONCLUSIONS
Our study provides insights into maternal morbidity severe enough to require the use of intensive care and highlights the increasing role of sepsis and trauma. We have determined that a significant proportion of maternal morbidity occurs outside of the delivery admission and that maternal mortality extends beyond the ICU setting. With one in 238 pregnant patients requiring ICU care, hospitals should develop multidisciplinary teams involving obstetricians, anesthesiologists, and nursing to provide care for these patients.
